a b s t r a c t Introduction: This study aims to evaluate the effect of the ACA Medicaid expansion on the utilization of minimally invasive (MIS) approaches to common general surgical procedures. Methods: We queried five Healthcare Cost and Utilization Project State Inpatient Databases to evaluate rates of utilization and costs of MIS and open approaches pre and post Medicaid expansion.
Introduction
The Affordable Care Act (ACA) Medicaid expansion was implemented in 2014. 1 In states that opted to participate in the expansion, adults with an income level of up to 138% of the federal poverty threshold were made eligible to receive Medicaid benefits. 1 The ACA Medicaid expansion was intended to provide insurance coverage to many previously uncovered individuals and provide access to care for individuals that previously had no or limited access to care.
Studies evaluating the impact of the ACA Medicaid expansion have found that ACA Medicaid expansion was associated with improved access to primary care in those states that expanded Medicaid and reduced out-of-pocket medical and prescription drug spending for individuals participating in Medicaid expansion. 2, 3 Little is known regarding the effect Medicaid expansion has had in the tertiary care setting and specifically on the application of resource-intensive surgical procedures and specific approaches to the care of surgical patients in states that opted to expand Medicaid.
In the current study, we seek to evaluate trends in utilization and costs of care for minimally invasive and open approaches to surgical procedures in states that expanded Medicaid after the enactment of the ACA compared to rates and costs for those procedures in states that opted not to expand Medicaid. We expected that Medicaid expansion would result in increased utilization of well-developed minimally invasive approaches to care for common surgically treated conditions that are generally performed in nonemergent settings.
Methods

Data source
Patients were identified using the Healthcare Cost and Utilization Project (HCUP), State Inpatient Databases (SID) for the following states: Washington (WA), Iowa (IA), New York (NY), Maryland (MD), Florida (FL), and North Carolina (NC). HCUP is an administrative dataset composed of a family of healthcare databases developed through a Federal-State-Industry partnership sponsored by the Agency for Healthcare Research and Quality (AHRQ). Each SID captures all inpatient discharges at non-federal facilities for the respective state, regardless of primary payer. States electing to expand Medicaid were identified from previously published literature and information available from HCUP. 1 WA, IA, MD, and NY had opted to participate in Medicaid expansion while FL and NC had opted to NOT participate in the expansion. The SIDs for these states were used in this study as these SIDs contained a large heterogeneous geographic representation of the United States population, healthcare systems, and policies.
Study population
The analysis cohort included adult patients between the ages of 18 and 64 years that were discharged from hospitals after undergoing a non-emergent surgical procedure for obesity, paraesophageal hernia (PE), gastroesophageal reflux disease (GERD), chronic diverticulitis or benign or malignant tumor in the pancreatic body/tail between 2010 and 2014. We chose these procedures as they are operations that are performed on an non-emergent basis and require inpatient hospitalization. Because they require hospitalization, these procedures and associated outcomes are consistently captured by the HCUP-SID databases. Because they are performed on an non-emergent basis, they are expected to be susceptible to the effects of improved access that are potentially associated with the implementation of the ACA. International Classification of Diseases, Ninth Revision (ICD-9) diagnosis and procedure codes were used to identify patients undergoing the select minimally invasive surgery (MIS) and open procedures. ICD-9 codes have been used and validated in previous studies. 4e14 The list of ICD-9 clinical diagnosis and procedure codes used in our analysis are provided in Supplemental Table 1 . Patients younger than 18 years of age, older than 64 years of age or on Medicare insurance were excluded as they were not eligible for the ACA's Medicaid expansion. 15 
Outcomes of interest
The primary outcomes of interest were the utilization rates for MIS and open approaches to the selected procedures pre-and post-ACA Medicaid expansion. A difference-in-difference (DID) analysis was used to estimate the effects of the ACA expansion on admissions and procedures by comparing rates of MIS and open surgeries for patients receiving Medicaid benefits and those identified as selfpay to those with private insurance in the same states. Utilization rates and rates of admission in the expansion states and nonexpansion states were calculated for two periods: before (2010e2013) and after (2014) ACA expansion and the difference between the change utilization and admission rates in the expansion states and the change in utilization rates and admission rates in non-expansion states for patients by payer was then calculated and is reported as the DID. We also determined the incidence rate ratio (IRR) for the utilization and admission rates for each procedure/diagnosis. The IRR is the ratio of differences in rates of utilization or average costs for a given procedure in the expansion states to the differences in rates for that procedure in the non-expansion states. It is meant to be interpreted as the relative percentage point change in our outcomes of interest (utilization rates, admissions rates, and costs) associated with the ACA Medicaid expansion in states that expanded Medicaid relative to those that opted out.
Our second outcome of interest was the costs of care associated with a given procedure before and after the ACA Medicaid expansion by insurance type. We aimed to examine whether there would be shifting of costs as more patients opted to use Medicaid insurance. Cost data were obtained by multiplying the HCUP total charges variable for a given episode of care by the hospital-specific cost to charge ratio (CCR). These costs only include those for the index admission. HCUP SID contains data on total charges for each hospital discharge in the database. The charge information represents the amount that hospitals bill for services for any given admission. The CCR is developed using standardized information on all-payer inpatient cost and charges. Primary data on the cost to charge ratio is reported per federal regulations by every hospital annually to the Centers for Medicare and Medicaid Services (CMS). The CCR is calculated by CMS and reported to AHRQ. This ratio enables the conversion from charges recorded in HCUP for a given admission cost. These costs reflect the actual expenses incurred in the production of hospital services, including wages, supplies, and utility costs.
Statistical analysis
Our analysis was a retrospective observational study of patients undergoing care from 2010 to 2014. We used a quasi-experimental study design known as difference-in-difference to compare rates of utilization of surgical procedures and admissions for related ICD-9 diagnoses in Medicaid expansion (WA, IA, MD, and MA) to those for non-expansion (FL and NC) states between 2010 and 2014. This statistical approach has been previously described in detail and used by our group and others to evaluate practice pattern variations that occur following policy changes. 15e18 Multivariable Poisson regression was used to examine a riskadjusted IRR of the association of Medicaid insurance expansion with our outcomes of interest. For this model we created indicator variables for (1) time (before expansion (2010e2013) versus after expansion (2014)), (2) expansion status (expansion states (IA, NY, WA, and MD) versus non-expansion (NC and FL) states), and (3) insurance status (Medicaid or self-pay versus private insurance). A triple interaction term was created using the indicators variables which represent the differences in DID estimator, and its coefficient reflected the association between ACA Medicaid expansion in states that expanded Medicaid insurance compared to those states that opted not to expand and the outcomes of interest. Our final model was adjusted for patient demographics and comorbidities and weighted using state population data from the 2010e2014 census to account for population growth and migration during the study period. To confirm that there was no significant change between rates of utilization and costs among Medicaid patients in expansion states relative to non-expansion states before the ACA Medicaid expansion, we conducted a sensitivity analysis within the years before expansion to verify parallel trends in our outcomes of interest before reform.
All analyses were performed using STATA 14 software (College Station, TX). Baseline characteristics are presented as means and standard deviations, medians, and interquartile ranges (IQR), or counts and percentages. Unadjusted comparisons of two or more proportions between pre-and post-expansion were performed using a chi-squared test, and continuous variables were compared using t-tests or Wilcoxon rank sum tests as appropriate. This database is de-identified therefore no consent was required or obtained. This study was evaluated and approved by the Institutional Review Board at Loyola University Chicago.
Results
Demographic data
A total of 132,851 patients met inclusion criteria receiving care for the selected procedures in the states under study before and after the enactment of the ACA. 82,209 (62%) were cared for in states that expanded Medicaid and 50,642 (38%) were cared for in states that elected to forgo expansion. Patients receiving care in expansion states tended to be slightly younger (44 vs. 45; p < 0.01), were more likely to be male (73% vs. 65%; p < 0.01) and from an ethnic minority (33% vs. 32%; p < 0.01) than those receiving care in non-expansion states. There were no differences in Charlson comorbidity index (p ¼ 0.34) between patients undergoing care in expansion states relative to those undergoing care in nonexpansion states. In the years following expansion, the percentage point increase of patients covered by Medicaid was higher in the expansion states than it was in the non-expansion states (4.3% vs. 1.4%) ( Table 1 ; Supplemental Table 2 ).
Admission rates before and after ACA Medicaid Expansion
We examined changes in rates of admission in patients with Medicaid insurance for specific diagnoses before and after the implementation of the ACA in states that elected to expand Medicaid relative to those that did not. Table 2 shows the results of that comparison. Following the implementation of the ACA, the rate of admission for a diagnosis of obesity increased by 11% (IRR 1.11; p < 0.01) and by 4% in paraoesophageal hernia (IRR 1.04; p < 0.01) among Medicaid patients treated in expansion states than it did in Medicaid patients treated in non-expansion states. By comparison, the rates of admission for Medicaid patients with a diagnosis of pancreatic benign and malignant pancreatic tumors decreased by 6% (IRR 0.94; p < 0.01) in expansion states than in non-expansion states. There was no significant difference in the rate of change in rates of admission for diverticulitis (IRR 1.02; p ¼ 0.66) among Medicaid patients in expansion states compared to non-expansion states ( Table 2 ).
Utilization of surgery by approach before and after ACA
We compared the use of MIS approaches to non-emergent general surgical operations in states that expanded Medicaid under the ACA to the use of such approaches in states that did not expand Medicaid under the hypothesis that improved access to care would lead to an increase in the utilization of advanced MIS. Among Medicaid patients, following implementation of the ACA, rates of utilization for laparoscopic approaches to gastric bypass increased by 8% (IRR (Table 3 ).
In our sensitivity analysis, we found no significant trend in utilization rates for laparoscopic gastric bypass, sleeve gastrectomy, Nissen fundoplication, distal pancreatectomy, and sigmoidectomy between Medicaid (p > 0.05) patients in expansion states and those undergoing care in the non-expansion states for years prior to the implementation of the ACA (2010e2014).
Impact of ACA on aggregate costs of care
To evaluate the impact of expanding Medicaid on the costs of inpatient care for non-emergent surgical diseases, we examined the change in overall costs of care (post-ACA to pre-ACA) for admissions associated with the diagnoses under study by insurance type. This analysis was risk adjusted for age, Charlson comorbidity index, and facility type. Following the implementation of the ACA, the in-hospital costs of care for self-pay patients undergoing care in expansion states rose by þ$1669 (95% CI [þ$655, þ$2682]) relative to the costs of care for self-pay patients undergoing care in nonexpansion states. By contrast, the costs of care for Medicaid (-$385; 95% CI [-$1,055, -$286] and privately (þ$104; 95% CI [-$158, þ$367]) insured patients did not change relative to costs for those patients in non-expansion states ( Table 4) .
To better understand the effect of the ACA Medicaid expansion on costs for specific procedures, we performed a risk-adjusted cost analysis comparing the changes in costs of care with the implementation of the ACA for each type of procedure for patients undergoing selected surgical procedures in expansion states to those undergoing the same operations in non-expansion states. We found that for Medicaid patients, there was a generally consistent decrease in the costs of care associated with MIS approaches to the procedures in expansion states relative to costs of MIS approaches (Table 5 ).
Discussion
In this study, we aimed to evaluate the impact of the ACA Medicaid Expansion on the utilization of minimally invasive and open approaches to common surgical procedures. We had two main findings. First, in states that expanded Medicaid coverage under the ACA, the rates of utilization of MIS approaches for gastric bypass and Nissen fundoplication, and open sigmoidectomy rose among Medicaid patients relative to the rates of utilization among Medicaid patients in non-expansion states. Second, we found there was an associated increase in the in-hospital cost of care for uninsured/self-pay patients in states that expanded Medicaid for these procedures.
Our principal finding suggests that the ACA Medicaid expansion led to increased utilization of MIS approaches to gastric bypass and Nissen fundoplication in states that expanded Medicaid compared to non-expansion states. These are new findings and are consistent with literature previously identifying an association between insurance expansion and access to surgical care. Previous studies examining the impact of the ACA would suggest that Medicaid expansion has been associated with improvements in access to medical and surgical care. 15, 16 In one study from our group, we found that the ACA Medicaid expansion was associated with an increase in lung and colorectal cancer surgeries in states that expanded Medicaid compared to non-expansion states. 15 Another study by Loehrer et al. found the ACA Medicaid expansion was associated with a 2.6% point increase in the probability of optimal surgical management for the uncomplicated presentation of appendicitis, cholecystitis, diverticulitis, non-ruptured aortic aneurysm, and peripheral arterial disease. 16 This finding is also consistent with the evidence in the literature, suggesting that utilization varies with access in general. Prior studies examining gastric bypass surgery have shown that privately insured patients are several times more likely than uninsured or underinsured patients to have gastric bypass. 17 There are several types of patients that are now on Medicaid insurance because of the ACA expansion. There are those patients who were previously uninsured, and because of the expansion were able to gain access to surgical care. Another group of patients is those that were previously insured by their employer became eligible for Medicaid through the expansion and siphoned off patients who otherwise would have opted for private insurance. The last group of patients is those new patients who were introduced into the healthcare system because of never having access to healthcare insurance in the past. The ability to examine which group our patients belong to in this analysis is beyond the capabilities of the HCUP SID database. Our study is consistent with these previous reports but is also novel in that few prior studies have examined the impact of the ACA Medicaid expansion on access to and utilization of MIS approaches.
We did identify a decrease in the rate of utilization of laparoscopic sleeve gastrectomy in expansion states compared to nonexpansion states. While this may seem to run counter to the Risk-adjusted for age, gender, Charlson comorbidity index, and race. Abbreviations: incidence rate ratio (IRR) and distal pancreatectomy (DP). observation that the ACA has done something to improve access and drive increased utilization of MIS approaches, this finding likely reflects practice patterns that were established and considered the standard of care at the time of expansion. Until very recently, the gastric bypass was regarded as the gold standard bariatric procedure providing durable long-term weight control and improvement in obesity-related co-morbidities such as diabetes, hypertension, sleep apnea, and hyperlipidemia. 18e21 At the time the ACA was implemented, outcomes for gastric bypass were felt to be superior to the sleeve, and gastric bypass was used preferentially. In the years since expansion, utilization of gastric sleeve has dramatically increased and has surpassed the gastric bypass as the first choice in weight reduction surgery. The flux in utilization (increases in MIS roux-en y gastric bypass and decreases in gastric sleeve) immediately following expansion likely reflects a trend toward what was then regarded as optimal care (toward laparoscopic gastric bypass) for these patients. Also, potentially contributing to this effect may be the fact that Medicaid beneficiaries tend to have higher rates of severe morbid obesity (BMI >40). This would be expected to lead to a higher proportion of patients undergoing laparoscopic gastric bypass, which is still considered superior to sleeve in patients with severe morbid obesity. 22 With regard to costs of care, our findings suggest a tendency among providers to offset increased costs of caring for Medicaid patients that likely followed expansion by shifting costs to uninsured/self-pay patients. When considering our study population as a whole, there was no significant difference in in-hospital costs associated with caring for the Medicaid population in expansion states compared to non-expansion states. The costs of caring for self-pay/no charge patients was higher in expansion states following the implementation of ACA compared to nonexpansion states. When examining costs for specific procedures, we noted similar trends. Costs for self-pay patients undergoing laparoscopic gastric bypass in expansion states rose with ACA implementation relative to those for patients undergoing laparoscopic gastric bypass in non-expansion states while costs for Medicaid patients undergoing the same procedures in states that expanded Medicaid fell relative to non-expansions states. These findings likely reflect efforts on the part of providers to share the costs of caring for new Medicaid patients over the entire population in the years after the expansion. Prior studies of the ACA Medicaid expansion that have examined patients in the outpatient setting have demonstrated a decrease in out of pocket expenses to patients as well as a decline in total Medicaid spending with no significant increase in expenditure from state funds. 23e25 Other studies have identified similar trends toward alternative billing policies by hospitals for uninsured patients who do not have pre-negotiated rates. 26e29 There are several possible explanations for why the in-hospital costs of care for uninsured/self-pay patients in states that expanded Medicaid. It could be possible that there was a tendency among providers or healthcare systems to offset increased costs for Medicaid patients by shifting costs to uninsured/self-pay patients. Another possible explanation is that the patient population who remains self-pay/uninsured are more high-risk patients and therefore accrue higher in-hospital costs compared to a more heterogeneous group of people before the ACA Medicaid expansion.
Several additional findings warrant discussion. We noted that patients undergoing care for benign and malignant pancreatic tumors had no significant change in the rates of utilization of either open or laparoscopic approaches. We also noted significant changes in the pattern of care for diverticulitis with increased utilization of open sigmoid colectomy in expansion states after implementation of the ACA. With regard to the observation on the utilization of pancreatectomy, we made similar findings in a study previously published by our group evaluating rates of pancreatic resection in specific in HCUP. We found that the ACA Medicaid expansion was not associated with an increase in pancreatectomy rates in expansion states compared to non-expansions states. 15 It may be that patients with pancreatic cancer are relatively immune to changes in access to insurance. With regard to the observation on the surgical management of diverticulitis, we feel this reflects an ACA-related increase in incentive to do procedures. Throughout the study, national trends in the management of diverticular disease were away from surgical intervention. The fact that the rates of utilization of open sigmoid colectomy increased in expansion states compared to non-expansion states likely reflects, at least in part, an effect of the ACA to encourage utilization of surgical procedures. It may be also possible that patents who gained access to insurance through the ACA were more willing to undergo operations because their care is covered. Due to limitations inherent in the dataset, it is impossible to judge the underlying necessity of the operations performed, and further study would be needed to understand the exact causes of these findings.
There are several limitations to this study. It is a retrospective review of an administrative dataset. The administrative dataset does not contain detailed clinical information on many physiologic measures which may contribute to patient selection for different interventions, determine outcomes, and affect costs of care. There may be miscoding of the ICD-9 codes. The study was limited to 2014 as that data was the latest available from HCUP. More recent rates of utilization were not examined. Our study was limited to a few states and cannot be extrapolated to the entire US population.
Conclusion
Following the implementation of the ACA, the rates of utilization of MIS approaches to gastric bypass and Nissen Fundoplication and open sigmoidectomy repair among Medicaid patients undergoing care in states that expanded Medicaid increased relative to those for patients undergoing care in states that did not expand Medicaid. There was an associated increase in the in-hospital cost of care for uninsured/self-pay patients in states that expanded Medicaid. The increase in MIS procedures is likely driven by states expanding access to care. The changes in costs of care may reflect efforts on the parts of health systems to share costs associated with new Medicaid patients across the entire population cared for by the health system.
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